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(54) GAS TURBINE SYSTEM COMPRISING AN EXHAUST DIFFUSER WITH AIR INJECTION AND

CORRESPONDING EXHAUST DIFFUSER

(57) A gas turbine system 10 includes an exhaust
processing system 14 that may process exhaust gas 46
generated by a gas turbine engine 12, the exhaust
processing system 14 includes an exhaust diffuser 54
that may receive the exhaust gas 46 from a turbine 22
of the gas turbine engine 12 and having an annular pas-
sage 104 disposed between an inner annular wall 98 and
an outer annular wall 100, and an air injection assembly

I 97

68 disposed within the exhaust diffuser 54. The air injec-
tion assembly 68 includes one or more air injection con-
duits 120 disposed within the annular passage 104 of the
exhaust diffuser 54 and including fluid injection holes 128
that may direct a cooling fluid 70 into a first mixing region
115 of the exhaust diffuser 54. A corresponding exhaust
diffuser is also provided.
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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
turbine systems and, more specifically, to systems and
methods for injecting cooling air into exhaust gas flow(s)
produced by turbine systems.

[0002] Gas turbine systems typically include at least
one gas turbine engine having a compressor, a combus-
tor, and a turbine. The combustor is configured to com-
bust a mixture of fuel and compressed air to generate
hot combustion gases, which, in turn, drive blades of the
turbine. Exhaust gas produced by the gas turbine engine
may include certain byproducts, such as nitrogen oxides
(NO,), sulfur oxides (SO,), carbon oxides (CO,), and un-
burned hydrocarbons. In general, it is desirable to re-
move or substantially reduce the amount of such byprod-
ucts in the exhaust gas prior to releasing the exhaust gas
into the atmosphere.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Certain embodiments commensurate in scope
with the originally claimed invention are summarized be-
low. These embodiments are not intended to limit the
scope of the claimed invention, but rather these embod-
iments are intended only to provide a brief summary of
possible forms ofthe invention. Indeed, the invention may
encompass a variety of forms that may be similar to or
different from the embodiments set forth below.

[0004] In a first embodiment, a gas turbine system in-
cludes an exhaust processing system that may process
exhaust gas generated by a gas turbine engine, the ex-
haust processing system includes an exhaust diffuser
that may receive the exhaust gas from a turbine of the
gas turbine engine and having an annular passage dis-
posed between an inner annular wall and an outer an-
nular wall, and an air injection assembly disposed within
the exhaust diffuser. The air injection assembly includes
one or more air injection conduits disposed within the
annular passage of the exhaust diffuser and including
fluid injection holes that may direct a cooling fluid into a
first mixing region of the exhaust diffuser.

[0005] In a second embodiment, an exhaust diffuser
includes a center body extending at least a portion of a
length of the exhaust diffuser and an outer annular wall
circumferentially surrounding the center body. The outer
annular wall defines an annular passage that may receive
exhaust gas from a turbine of a gas turbine engine. The
exhaust diffuser also includes an air injection assembly
that may supply a cooling fluid into a region of the exhaust
diffuser downstream from the center body.

[0006] In a third embodiment, a gas turbine system in-
cludes an air injection assembly disposed within an ex-
haust diffuser. The air injection assembly includes a plu-
rality of air injection conduits disposed between an inner
annular wall and an outer annular wall of the exhaust
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diffuser, and the air injection assembly may supply a cool-
ing fluid to the exhaust diffuser to cool an exhaust gas
stream generated in a gas turbine engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a block diagram of a gas turbine system
including air injection features for cooling exhaust
gases, in accordance with an embodiment of the
present disclosure;

FIG. 2 is a cross-sectional view along line 2-2 of an
exhaust diffuser of the gas turbine system of FIG. 1
and having air injection features, in accordance with
an embodiment of the present disclosure;

FIG. 3 is a perspective view of the exhaust diffuser
of FIG. 2 that includes an air injection assembly, the
air injection assembly includes air injection conduits
secured to hollow struts of the exhaust diffuser, in
accordance with an embodiment of the present dis-
closure;

FIG. 4 is a cutaway perspective view of an embodi-
ment of a portion of an air injection conduit of the air
injection assembly of FIG. 3, the air injection conduit
includes air injection holes having different diame-
ters along a length of the air injection conduit, in ac-
cordance with an embodiment of the present disclo-
sure;

FIG. 5 is a cross-sectional view of an embodiment
of a portion of the air injection conduit along line 5-5
of the air injection assembly of FIG. 3 along line 5-5,
the air injection conduit includes an air injection hole
having a variable diameter in an axial direction of the
exhaust diffuser, in accordance with an embodiment
of the present disclosure;

FIG. 6 is a cross-sectional view of an embodiment
of the air injection conduit along line 6-6 of the air
injection assembly of FIG. 3, the air injection conduit
having air injection holes oriented at different angles
relative to a centerline axis of the exhaust gas dif-
fuser, in accordance with an embodiment of the
present disclosure;

FIG. 7 is a detailed perspective view of an embodi-
ment of the air injection system of FIG. 3 including
a manifold having a central hub with a curved sur-
face, in accordance with an embodiment of the
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present disclosure; and

FIG. 8 is a flow diagram of a method of cooling ex-
haust gases in the exhaust diffuser using the air in-
jection assembly of FIG. 3, in accordance with an
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0008] One or more specific embodiments of the
present invention will be described below. In an effort to
provide a concise description of these embodiments, all
features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.

[0009] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.

[0010] Presentembodiments are generally directed to-
ward techniques for cooling or tempering exhaust gases
(e.g., flue gas) generated in gas turbine systems. For
example, in gas turbine systems, one or more gas turbine
engines may combust a fuel/oxidant mixture to produce
combustion gases for driving one or more turbine stages,
each having a plurality of blades. Depending on a number
of factors, such as the type of fuel that is combusted as
well as various combustion parameters, combustion
products resulting from the combustion process may in-
clude nitrogen oxides (NO,), sulfur oxides (SO,), carbon
oxides (CO,), and unburned hydrocarbons. Often, the
composition of exhaust gases released by gas turbine
systems, such asin a gas turbine power generation plant,
may be subject to stringent regulatory requirements. By
way of non-limiting example, regulations may require that
the NO, concentration of the exhaust gas released by
the system be no greater than a threshold level, such as
3 parts-per-million (ppm).

[0011] One technique for removing or reducing the
amount of NO, in an exhaust gas stream is by Selective
Catalytic Reduction (SCR). In an SCR process, a reduct-
ant, such as ammonia (NH3) is injected into the exhaust
gas stream and reacts with the NO,, in the presence of
a catalyst (e.g., a metal oxide), to produce nitrogen (N,)
and water (H,0). The effectiveness of the SCR process
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may be at least partially dependentupon the temperature
of the exhaust gas that is processed. For instance, the
SCR process for removing NO, may be particularly ef-
fective at temperatures of approximately 500 to 900 de-
grees Fahrenheit (°F). Thus, when a temperature of the
exhaust gas is higher than the effective temperature
range for SCR, it may be beneficial to cool the exhaust
gases prior to SCR to increase the effectiveness of the
SCR process (e.g., removal of NO,).

[0012] In accordance with present embodiments, the
exhaust gases may be cooled using a cooling system
that injects a cooling/tempering fluid (e.g., air) into an
exhaust gas flow upstream of the SCR. Certain gas tur-
bine systems may include the cooling system within a
transition section of the gas turbine system that couples
an exhaust diffuser of the gas turbine system to the SCR.
The cooling system may use air fans to blow the cooling
fluid into the transition section against backpressure cre-
ated by the exhaust gas flow through the transition sec-
tion. An amount of the cooling fluid used to cool the ex-
haust gas to the desired temperature within the transition
section may be between approximately 10% and approx-
imately 50% of exhaust gas volume for heavy duty gas
turbines. Such a large volume may reduce turbine effi-
ciency due, in part, to an undesirable pressure drop
across the system.

[0013] Itis now recognized that exhaust gases and the
cooling fluid may have non-uniform mixing within the tran-
sition section due, in part, to inefficient diffusion of the
exhaust gases in the exhaust diffuser and/or a short res-
idence time of the exhaustgases and cooling fluid mixture
in the transition section. The non-uniform mixing of the
exhaust gases and the cooling fluid may result in hot
spots within the exhaust gas/cooling fluid mixture, where
the hotspots in the mixture include regions having tem-
peratures above the temperature range for SCR. As
such, the SCR process may not effectively remove or
reduce NO, in the exhaust gases. Accordingly, it is now
recognized that it may be desirable to improve exhaust
gas/cooling fluid mixing upstream of the SCR.

[0014] As discussed in further detail below, embodi-
ments of the present disclosure include a gas turbine
system, such as a simple cycle heavy-duty gas turbine
system, having an air injection assembly configured to
inject cooling air into an exhaust gas stream. As will be
described further below, the air injection assembly may
be disposed downstream (i.e., relative to the flow of ex-
haust gases) of a turbine, but upstream of an SCR sys-
tem. For example, the air injection assembly may include
air injection features disposed within an exhaust diffuser
of the gas turbine engine system. The air injection fea-
tures may include a manifold having a plurality of air in-
jection conduits that inject the cooling fluid into the ex-
haust gas flow via a plurality of air injection holes. Placing
the air injection features within the exhaust diffuser, rath-
erthanin the transition section, may increase aresidence
time of the exhaust gases and cooling fluid mixture in a
passageway leading to the SCR.
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[0015] With the foregoing in mind, FIG. 1 is a block
diagram of an embodiment of a gas turbine system 10
that includes a gas turbine engine 12 and an exhaust
processing system 14. In certain embodiments, the gas
turbine system 10 may be all or a part of a power gener-
ation system. In the illustrated embodiment, the turbine
system 10 is depicted as a simple cycle gas turbine sys-
tem. However, in other embodiments, the gas turbine
system 10 may be a combined cycle gas turbine system.
The gas turbine system 10 may combust liquid or gas
fuel, such as natural gas and/or a hydrogen-rich synthetic
gas, to generate hot combustion gases to drive various
features of the gas turbine system 10.

[0016] As shown in FIG. 1, the gas turbine engine 12
includes a compressor 18, a combustor section 20, and
a turbine 22. The turbine 22 may be drivingly coupled to
the compressor 18 via a shaft 24. In operation, air from
air source 26 enters the turbine engine 12 through an air
intake of the gas turbine engine 12, as shown by arrow
30, and is pressurized in the compressor 18. The com-
pressor 18 may include a plurality of compressor blades
coupled to the shaft 24. The compressor blades may be
present in one or more stages, and the rotation of the
shaft 24 causes rotation of the compressor blades. This
rotation draws air into and through the compressor 18
and compresses the air for delivery to the combustor sec-
tion 20.

[0017] The combustor section 20 may include one or
more combustors. In one embodiment, a plurality of com-
bustors may be disposed at multiple circumferential po-
sitions in a generally circular or annular configuration
about the shaft 24. As compressed air 34 exits the com-
pressor 18 and enters the combustor section 20, the com-
pressed air 34 may be mixed with fuel 36 from a fuel
source for combustion within the combustors. For exam-
ple, the combustors may include one or more fuel nozzles
that inject a fuel-air mixture into the combustors in a suit-
able ratio for combustion, emissions control, fuel con-
sumption, power output, and so forth. The combustion
of the air and fuel generates hot pressurized exhaust
gases 40, which may then be utilized to drive one or more
turbine stages (each having a plurality of turbine blades)
within the turbine 22. In operation, the combustion gases
(e.g., the exhaust gases 40) flowing into and through the
turbine 22 flow against and between the turbine blades,
thereby driving the turbine blades and, thus, the shaft 24
into rotation. The shaft 24 may be used to drive a load,
such as an electrical generator in a power plant. As dis-
cussed above, the rotation of the shaft 24 also causes
blades within the compressor 18 to draw in and pressu-
rize the air received by the intake.

[0018] The exhaust gases 40 that flow through the tur-
bine 22 may exit a turbine downstream end 42 as an
exhaust gas stream 46. The exhaust gas stream 46 may
continue to flow in a downstream direction 50 toward the
exhaust processing system 14. For instance, the turbine
downstream end 42 may be fluidly coupled to the exhaust
processing system 14 configured to reduce levels of cer-
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tain combustor products in the exhaust gas stream 46,
such as NO,, SO,, and CO,. More specifically, in the
illustrated embodiment, the exhaust gas stream 46 exits
the turbine downstream end 42 and flows into an exhaust
diffuser 54. As set forth above, the exhaust diffuser 54
includes certain air injection features configured to facil-
itate mixing of the exhaust gas stream 46 with cooling air.
[0019] Following the exhaust diffuser 54, the exhaust
gas stream 46 may flow into a transition section 56 that
couples the exhaust diffuser 54 to an exhaust duct 58.
The exhaust duct 58 includes an SCR system 60 config-
ured to perform an SCR process for removing NO, from
the exhaust gas stream 46. For example, a reductant 62
(e.g., ammonia (NHs)) is injected via an injection system
64 into the exhaust gas duct 58 and reacts with the NO,,
to produce nitrogen (N,) and water (H,O). As will be ap-
preciated, the effectiveness of this SCR process may be
at least partially dependent upon the temperature of the
exhaust gas that is processed. For instance, the SCR
process for removing NO, may be particularly effective
at temperatures of approximately 500 to 900 degrees
Fahrenheit (°F). In certain embodiments, however, the
exhaust gas stream 46 exiting the turbine 22 and entering
the exhaust processing system 14 may have a temper-
ature of approximately 1000 to 1500 degrees °F or, more
specifically, 1100 to 1200 degrees °F. Accordingly, to
increase the effectiveness of the SCR process for NO,
removal, the exhaust processing system 14 may include
an air injection system 66 having an injection assembly
68 that may inject a cooling fluid (e.g., air) into the exhaust
gas stream 46, thereby cooling the exhaust gas stream
46 prior to the SCR process in the SCR system 60. The
air injection system 66 may also include an air source 69
(which may be the same or different from the air source
26), one or more air blowers 71, and a flow control 73
(e.g., valves, pumps, sensors, etc.). It should be under-
stood that the effective temperatures may vary depend-
ing on the element being removed from the exhaust gas
stream 46 and/or the catalyst being employed inthe SCR
process.

[0020] As shown in FIG. 1, the air injection assembly
68 may be disposed within the exhaust diffuser 54. Po-
sitioning the air injection assembly 68 within the exhaust
diffuser 54 may increase a residence time of a mixture
of the exhaust gas stream 46 and a cooling fluid (e.g.,
cooling air 70) in the exhaust processing system 14.
Therefore, the exhaust gas stream 46 and the cooling air
70 may mix for a longer period of time compared to in-
jecting the cooling fluid in the transition section, thereby
allowing more efficient cooling of the exhaust gases. As
discussed in further detail below with reference to FIGS.
2 and 3, the air injection assembly 68 may include a man-
ifold coupled to a center body of the exhaust diffuser 54.
The manifold may include a plurality of injection air holes
that inject the cooling air 70 provided by one or more air
sources 26 into the exhaust diffuser 54 for mixture with
the exhaust gas stream 46. For instance, in one embod-
iment, the air source(s) 26 may include one or more air



7 EP 3 216 984 A1 8

blowers, compressors (e.g., compressor 18), heat ex-
changers, or a combination thereof. In certain embodi-
ments, a portion of the air 30 may bypass the compressor
18 and be directed to the air injection assembly 68, as
shown by arrow 72. In other embodiments, compressor
discharge air from the compressor 18 may be directed
to the air injection assembly 68.

[0021] The term "cooling," when used to describe the
cooling air 70, is used herein to mean that the cooling air
70 is cooler relative to the exhaust gas stream 46 exiting
the turbine 22. For example, the cooling air 70 supplied
by the air source 26 may be ambient air, or may be further
cooled using a heat exchanger or other type of suitable
cooling mechanism. The air injection assembly 68 may
also include one or more valves to regulate the flow of
cooling air 70. By way of example, in one embodiment,
the exhaust gas stream 46 output from the turbine 22
may flow into the exhaust diffuser 54 at a first flow rate
of approximately 1000 pounds/second, and cooling air
70 may be injected into the exhaust diffuser 54 (via the
air injection assembly 68) at a second flow rate depend-
ent at least on the first flow rate and the temperature of
the exhaust gas stream 46 and the temperature of the
cooling air 70. For instance, the second flow rate may be
between 1% and 75% of the first flow rate, such as 50%.
It should be understood, however, that the flow rate of
exhaust gas steam 46 and the flow rate of the cooling air
70 may vary based on a number of factors.

[0022] The cooling air 70 mixes with the exhaust gas
stream 46 to produce a cooled exhaust gas stream 74
which, as discussed above, may have atemperature suit-
able for the SCR process. As will be discussed further
below, positioning the air injection assembly 68 within
the exhaust diffuser 54 may provide uniform mixing, thus
achieving a uniform temperature and velocity distribution
in the cooled exhaust gas 74 upstream of the SCR 60.
Additionally, the configuration of the air injection assem-
bly 68 may improve performance of the exhaust diffuser
54 by decreasing large wake and reverse flow regions
that may result from structural components within the ex-
haust diffuser 54 (e.g., struts, center body), as discussed
in detail below. Decreasing the wake and reverse flow
regions within the exhaust diffuser 54 may allow the ex-
haust gas stream 64 to achieve a desirable velocity dis-
tribution such that pressure recovery and power output
of the gas turbine system 10 may be improved relative
to gas turbine systems that do not include an air injection
assembly within the exhaust diffuser 54.

[0023] The cooled exhaust gas 74 may continue flow-
ing downstream (e.g., in direction 50) through the tran-
sition section 56 and into the exhaust duct 58, where the
cooled exhaust gas 74 undergoes treatment to remove
NOx from the cooled exhaust stream 74 and generate a
treated exhaust gas 78, as discussed above. In certain
embodiments, the treated exhaust gas 78 may be re-
leased to the atmosphere via a stack 80 downstream
from and coupled to the exhaust duct 58. The stack 80,
in some embodiments, may include a silencer or muffler.
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In other embodiments, the treated exhaust gas 78 may
be directed to other processes within the gas turbine sys-
tem 10. By way of non-limiting example, the exhaust
processing system 14 may utilize the air injection assem-
bly 68 and the SCR system 60 to reduce the composition
of NO, in the treated exhaust gas 78 to approximately 3
parts per million (ppm) or less.

[0024] The gas turbine system 10 may also include a
controller 79 (e.g., an electronic and/or processor-based
controller) to govern operation of the gas turbine system
10. The controller 79 may independently control opera-
tion of the air injection system 66, the SCR 60, and/or
the injection system 64 by electrically communicating
with sensors, control valves, and pumps, or other flow
adjusting features throughout the system 10. In certain
embodiments, the controller 79 may also control opera-
tion of the gas turbine engine 12 (e.g., the compressor
18, the combustor 20, and/or the turbine 22). The con-
troller 79 may include a distributed control system (DCS)
or any computer-based workstation thatis fully or partially
automated. For example, the controller 79 can be any
device employing a general purpose or an application-
specific processor (e.g., microprocessor 81), both of
which may generally include memory circuitry (e.g.,
memory 83) for storing instructions such as cooling pa-
rameters (e.g., cooling air temperature and flow rate),
SCR parameters, among others. The processor may in-
clude one or more processing devices, and the memory
circuitry may include one or more tangible, non-transito-
ry, machine-readable media collectively storing instruc-
tions executable by the processor to perform the acts of
FIG. 8, and control actions described herein.

[0025] While certain embodiments of the present dis-
closure are generally directed to the processing and re-
moval of NO, from the exhaust gas stream 46, other em-
bodiments may enable the removal of other combustion
byproducts, such as carbon monoxide and/or unburned
hydrocarbons. As such, the supplied catalyst may vary
depending on the composition that is being removed from
the exhaust gas stream 46. Additionally, it should be un-
derstood that the embodiments disclosed herein are not
limited to the use of one SCR system 60, but may also
include multiple SCR systems 60. Still further, the system
10 may also include a continuous emissions monitoring
(CEM) system that continuously monitors the composi-
tion of the treated exhaust gas 78 exiting the stack 80. If
the CEM system detects that the composition of treated
exhaust gas 78 fails to comply with one or more regula-
tory requirements, the CEM system may a provide noti-
fication to a control system (e.g., the controller 79) of the
gas turbine engine 12, which may in turn take certain
corrective actions to adjust combustion parameters, ad-
just flows of the cooling air 70, adjust operation of the
SCRsystem 60, and so forth. Additionally or alternatively,
acontrol system (e.g., the controller 79) of the gas turbine
system 10 may perform functions such as notifying the
operators of the system 10 to adjust operating parame-
ters, perform service, or otherwise cease operating the
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system 10 until the treated exhaust gas 78 produced by
the system 10 has a composition that is within a prede-
termined requirement. In some embodiments, the CEM
system may also implement corrective actions specifi-
cally relating to the exhaust processing system 14 such
as adjusting temperature, flow rates of cooling air 70, an
amount of NH; injected into SCR system 60, etc.
[0026] Referring now to FIG. 2, a cross-sectional view
of the exhaust diffuser 54 is illustrated, in accordance
with one embodiment. To facilitate description, various
aspects of the exhaust diffuser 54 may be described with
reference to an axial direction or axis 82, aradial direction
or axis 84, and a circumferential direction or axis 86 of
the diffuser 54 (and the gas turbine engine 12). For ex-
ample, the axis 82 corresponds to a longitudinal center-
line 90 or lengthwise direction, the axis 84 corresponds
to a crosswise or radial direction relative to the longitu-
dinal centerline 90, and the axis 86 corresponds to the
circumferential direction about the axial axis 82 (e.g., lon-
gitudinal centerline 90). A diffuser upstream end 92 of
the exhaust diffuser 54 may include an annular opening
94 that fluidly couples the exhaust diffuser 54 to the tur-
bine 22 to receive the exhaust gas stream 46. The ex-
haust diffuser 54 includes a center body 96 that extends
at least a portion of a length 97 of the exhaust diffuser
54 along centerline 90. The center body 96 defines an
annular inner wall 98 of the exhaust diffuser 54. In certain
embodiments, the inner annular wall 98 may surround
rotating components of the gas turbine engine 12. For
example, the inner annular wall 98 may surround at least
a portion of the shaft 24.

[0027] The exhaust diffuser 54 also includes an outer
annular wall 100 radially 84 separated from the inner an-
nular wall 98 and circumferentially 86 about the centerline
axis 90. The outer annular wall 100 generally surrounds
the inner annular wall 98 to define a fluid flow passage
104 through the exhaust diffuser 54 between the annular
walls 98, 100. The exhaust diffuser 54 may be tapered
such that the outer annular wall 100 increased in size in
the circumferential direction 86 moving along the center-
line 90. A plurality of struts 106within the fluid flow pas-
sage 104 radially 84 extend between the inner annular
wall 98 and the outer annular wall 100. The plurality of
struts 106a, 106b are circumferentially 86 spaced about
the axial axis 82 such that the exhaust gas stream 46
may flow between the plurality struts 106, through the
fluid flow passage 104, and toward a downstream end
108 of the exhaust diffuser 54. The exhaust diffuser 54
may include any number of struts 106, such as between
1and 20,e.9.,1,2,3,4,5,6,7, 8,9, 10, or more. The
struts 106 may be positioned adjacent to the annular
opening 94 to minimize drag forces that may interfere
with a flow of the exhaust gas stream 46 through the
exhaust diffuser 54. However, the plurality of struts 106
may be positioned at any axial and circumferential posi-
tion along the center body 96. In one embodiment, the
plurality of struts 106 may have a solid center, as illus-
trated by the strut 106a. In another embodiment, the plu-
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rality of struts 106 may have a hollow center, as illustrated
by the strut 106b. However, in certain embodiments, the
plurality of struts 106 may include a combination of the
solid center struts 106a and the hollow center struts 106b.
As discussed in further detail below, the hollow center of
the strut 106b may provide a flow path for injection of the
cooling air 70 into the exhaust diffuser 54.

[0028] Inadditiontothe struts 106, the exhaust diffuser
54 may also include a plurality of hollow struts 112 adja-
cent to a center body downstream end 114 that is oppo-
site the annular opening 94. The plurality of hollow struts
112 radially 84 extend between the annular walls 98, 100
and are circumferentially 86 spaced apart about the cen-
terline axis 90 of the exhaust diffuser 54. The plurality of
hollow struts 112 may provide access for an individual
into the fluid flow passage 104 (e.g., for maintenance
and/or repairs). Both the plurality of struts 106 and the
plurality of hollow struts 112 may provide structural sup-
port between the inner annular wall 98 and the outer an-
nular wall 100 of the exhaust diffuser 54. As discussed
in further detail below, hollow struts, such as the hollow
struts 112, may cause large wake regions that may de-
crease performance of the exhaust diffuser 54. For ex-
ample, large wake and reverse flow regions may de-
crease a power output of the exhaust gases exiting the
exhaust diffuser 54, resulting in an undesirable pressure
recovery and total pressure loss across the system 10.
However, it is now recognized that integrating the air in-
jection assembly 68 into the exhaust diffuser 54 improves
the performance of the exhaust diffuser 54 may be im-
proved compared to exhaust diffusers that do notinclude
the air injection assembly.

[0029] The air injection assembly 68 may be fixedly or
removably coupled to a center body downstream end
114. The air injection assembly 68 may supply the cooled
air 70 to a first mixing region 115 within the exhaust dif-
fuser 54. While in the first mixing region 115, the exhaust
gas stream 46 may be diluted with the cooled air 70 (e.g.,
tempering air) to decrease a temperature of the exhaust
gas stream 46. In the illustrated embodiment, the air in-
jection assembly 68 includes a hub 116 coupled to the
center body downstream end 114. In the illustrated em-
bodiment, the hub 116 has a semicircular shape. How-
ever, in other embodiments, the hub 116 may have a
conical shape or any other suitable shape. The hub 116
includes air injection conduits 120 radially 84 extending
away from the hub 116 toward the outer annular wall 100.
The air injection conduits 120 may be circumferentially
86 spaced about the axial axis 82 at different axial and
circumferential positions along the center body 96. In cer-
tain embodiments, each air injection conduit 120 may be
aligned (e.g., circumferentially) with a respective hollow
strut 112. The hollow struts 112 may provide structural
support and secure the air injection assembly 68 (e.g.,
via the air injection conduits 120) to the exhaust diffuser
54,

[0030] Atleast a portion of a conduit end 124 of the air
injection conduits 120 may extend past the outer annular
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wall 100 of the exhaust diffuser 54. The conduit end 124
may be configured to be coupled to the air source 26 and
provide the cooling air 70 to the first mixing region 115
for mixing with the exhaust gas stream 46. For example,
in the illustrated embodiment, a downstream-facing sur-
face 126 (e.g., facing the downstream direction 50) of
each of the air injection conduits 120 may include an
arrangement of air injection holes 128. The air injection
conduit 120 may include any number of airinjection holes
128 distributed in any suitable pattern (e.g., rows, stag-
gered, etc.) along the downstream-facing surface 126.
For example, the air injection conduits 120 may include
between 1 and 100 air injection holes 128. For example,
the air injection conduits 120 may include 1, 2, 3, 4, 5, 6,
7,8,9,10, 15, 20, 30, 50 60, 70, 80 or more air injection
holes 128. However, any suitable number of injection
holes 128 may be used. As discussed in further detail
below, the air injection holes 128 may be oriented at the
same or different angles relative to the axial axis 82 (e.g.,
perpendicular or acutely angled at 10, 20, 30, 40, 50, 60,
70, or 80 degrees). In certain embodiments, some of the
air injection holes 128 may have a shape and/or a diam-
eter that is different from a shape and/or diameter of an
adjacent air injection hole 128. The orientation and ge-
ometry of the airinjection holes 128 may allow the cooling
air 70 to flow into the first mixing region 115 at a desirable
velocity, to achieve a certain amount of swirl, and so forth,
to promote uniform mixing with the exhaust gas stream
46 such that a desirable temperature distribution of the
cooled exhaust gas 74 is achieved.

[0031] Inaddition to the air injection holes 128, the hub
116 may include a central air injection hole, such as one
or more central air injection holes 130. The central air
injection hole 130 may receive the cooling air 70 from at
least one air injection conduit 120, as illustrated in FIG.
2. However, in other embodiments, the hub 116 may re-
ceive the cooling air 70 directly from the air source 26
(e.g., via a dedicated conduit).

[0032] In certain embodiments, the outer annular wall
100 may include features that allow injection of the cool-
ing air 70 downstream of the center body 96. Asiillustrated
in FIG. 2, the exhaust diffuser 54 may include additional
air injection assembly 134 arranged circumferentially 86
about the centerline axis 90 along the outer annular wall
100 of the exhaust diffuser 54. Similar to the air injection
conduits 120, the additional air injection assembly 134
includes an air conduit 136 that receives and injects the
cooling air 70 from the air source 26 into a second mixing
region 140 of the exhaust diffuser 54. For example, the
illustrated air conduit 136 includes air injection holes 138
circumferentially 86 spaced apart about the centerline
axis 90 along the air conduit 134. Similar to the air injec-
tion holes 128, the air injection holes 138 may be oriented
at the same or different angles relative to the axial axis
82 (e.g., perpendicular or acutely angled at 10, 20, 30,
40, 50, 60, 70, or 80 degrees). A geometry and size of
the air injection holes 138 may be the same or different
about the circumferential axis 86 along the air conduit
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136.

[0033] The mixing regions 115, 140 extend a portion
of the length 97 of the exhaust diffuser 54. For example,
the first mixing region 115 extends a dimension 142 be-
tween the air injection assemblies 68, 134, and the sec-
ond mixing region 140 extends a dimension 146 between
the additional air injection assembly 134 and the diffuser
downstream end 108. Each dimension 142, 146 may be
between approximately 5% and 50% of the length 97 of
the exhaust diffuser 54. In certain embodiments, the di-
mensions 142, 146 may be the same. In other embodi-
ments, the dimensions 142, 146 may be different. The
air injection assemblies 68, 134 may inject the cooling
air 70 into the respective mixing regions 115, 140 simul-
taneously or in series. For example, the air injection as-
sembly 134 may inject the cooling air 70 at any time after
the air injection assembly 68 injects the cooling air 70
into the first mixing region or vice versa. In other embod-
iments, only one air injection assemblies 68, 134 may be
used.

[0034] Additionally, at least a portion of the cooling air
70 may be injected into the exhaust diffuser 54 down-
stream of the hollow struts 112. For example, as dis-
cussed above, the hollow center struts 106b may be con-
figured to receive the cooling air 70 and inject the cooling
air 70 into the exhaust diffuser 54. Injecting the cooling
air 70 downstream of the hollow struts 112 may further
increase the residence time of the exhaust gas and cool-
ing air mixture in the exhaust diffuser 54. Moreover, the
cooling air 70 may cool the exhaust diffuser 54 (e.g., the
walls 98, 100, the hollow struts 112, etc.). Cooling the
exhaust diffuser 54 with the cooling air 70 may mitigate
degradation of the exhaust diffuser 54 due, in part, to the
high temperatures of the exhaust gas stream 46 exiting
the turbine 22. As such, overall life of the exhaust diffuser
54 may be extended. Moreover, the exhaust diffuser 54
may be manufactured from less expensive lower tem-
perature alloy materials compared to the alloy materials
(e.g., 347 stainless steel) that are used in exhaust diffus-
ers that are not configured to be cooled with cooling air.
By way of example, the exhaust diffuser 54 may be man-
ufactured from 321H, 321, 316, 304 stainless steel or
any other suitable materials.

[0035] As noted above, it is now recognized that injec-
tion cooling air 70 into one or both of the mixing regions
115, 140 via the air injection assemblies 68, 134, respec-
tively, a mixture of the exhaust gas stream 46 and cooling
air 70 may have a longer residence time within the ex-
haust treatment system 14 compared to systems that
inject the cooling air downstream of the exhaust diffuser
54 (e.g., in the transition section 56). For example, the
mixture may continue to mix and cool as it flows through
the mixing regions 115, 140 and the transition section
56, unlike existing systems where the cooling air is in-
jected into the transition section (e.g., the transition sec-
tion 56). The longer residence time of the mixture of the
exhaust gas stream 46 and the cooling air 70 in the ex-
haust treatment system 14 may increase thermal mixing
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(e.g., mixing of the cooling air 70 and the exhaust gas
stream 46), promoting more uniform temperature distri-
bution within the cooled exhaust gas stream 74.

[0036] Moreover, a size of cooling fans that may be
used to inject the cooling air 70 into the exhaust diffuser
54 may be smaller compared to a size of cooling fans
used to inject the cooling air into, for example, the tran-
sition section 56, due to the longer residence time of the
mixture of the exhaust gas stream 46 and the cooling air
70. The cooling air 70 injected into the exhaust diffuser
54 may be at a higher temperature compared to cooling
air thatis injected into the transition section 56 as a result
of the longer residence time of the mixture of exhaust
gas stream 46 and the cooling air 70 in the exhaust
processing system 14. As such, a smaller cooling fan
may be used due to the lower energy requirement to cool
the cooling air 70 injected into the exhaust diffuser 54
compared to cooling airinjected into the transition section
56.

[0037] Thearrangementofthe exhaustdiffuser 54 may
be further appreciated with reference to FIG. 3, which is
a perspective view of a portion of the exhaust diffuser 54
having the air injection assembly 68 coupled to the center
body 96 and the hollow struts 112. In the illustrated em-
bodiment, the air injection conduits 120 are circumferen-
tially 86 spaced apart at different circumferential posi-
tions about the axial axis 90. The air injection assembly
68 may include greater than or equal to 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 15, 20, 25, 30, 40, 50, or more air injection
conduits 120 and air injection holes 128. As discussed
above, the air injection conduits 120 extend between the
inner annular wall 98 and the outer annular wall 100 of
the exhaust diffuser 54, and fluidly couple the air source
26 with the air injection holes 128. The air injection holes
128 supply a flow of the cooling air 70 into the first mixing
region 115 for mixing with the exhaust gas stream 46. In
the illustrated embodiment, the air injection conduits 120
and the hollow struts 112 are circumferentially 86 aligned
with the hollow struts 112, such that the air injection con-
duits 120 are generally oriented along the radial axis 84
that intersects with the axial axis 90. This may enable
desirable flow characteristics to promote uniform mixing
between the exhaust gas stream 46 and the cooling air
70.

[0038] The air injection assembly 68 may be fixedly or
removably attached to the exhaust diffuser 54. For ex-
ample, in one embodiment, the hub 116 and/or the air
injection conduits 120 may be welded to the center body
96 and the hollow struts 112, respectively, of the exhaust
diffuser 54. In other embodiments, the hub 116 and/or
the air injection conduits 120 may include one or more
coupling features that facilitate coupling and securing the
hub 116 and air injection conduits 120 to the center body
96 and the hollow struts 112. For example, the hub 116
may include one or more flanges 150 on an outer surface
of the hub 116 and/or air injection conduits 120. The
flanges 150 may align with a complementary coupling
feature (e.g., flange, opening) on the center body 96
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and/or hollow struts 112. The hub 116 may have more
than one flange 150 circumferentially 86 spaced apart
along a perimeter of a bottom end 152 (e.g., end adjacent
to the center body downstream end 114). The flanges
150 may be secured, e.g., via screws, bolts, snaps, or
any other suitable fastener, to the complementary cou-
pling feature on the center body 96. This coupling ar-
rangement may facilitate retrofitting existing exhaust dif-
fusers with the air injection assembly 68.

[0039] In certain embodiments, the hub 116 and/or the
air injection conduits 120 may include protrusions and/or
recesses that interface with the center body 96 and hol-
low struts 112, respectively. For example, the hub 116
may include protrusions and/or recesses on a surface at
the bottom end 152 that is complementary to protrusions
and/or recesses on a downstream end surface of the
center body 96. The protrusions and/or recesses may
couple to a complementary protrusion/recess on the
downstream end surface of the center body 96 (e.g., via
interference fit or other coupling arrangement) to secure
the hub 116 and the center body 96. The coupling fea-
tures may allow the air injection assembly 68 to be re-
movably coupled to the exhaust diffuser 96. By remova-
bly coupling the air injection assembly 68 to the exhaust
diffuser 54, the airinjection assembly 68 may be removed
during system maintenance (e.g., cleaning) or replace-
ment of the system components. Accordingly, equipment
and maintenance cost associated with the system 10
may be decreased.

[0040] As discussed above, the hub 116 injects the
cooling air 70 into the first mixing region 115 via the air
injection holes 126 on the air injection conduits 120. FIG.
4 illustrates a perspective view of a portion of the air in-
jection conduit 120 having the air injection holes 128 ra-
dially 84 spaced apart along at least a portion of a length
156 of the air injection conduit 120. While in the illustrated
embodiment the air injection holes 128 are arranged in
a single row along the radial direction 84, the air injection
holes 128 may be arranged in multiple rows or any other
suitable pattern along the radial direction 84. The rows
may be arranged such that the air injection holes 128 of
eachrow is aligned or offset with respect to an air injection
hole 128 in an adjacent row. In addition, the air injection
holes 138 of the air conduit 136 may also be arranged
similar to the air injection holes 128. In the illustrated
embodiment, the air injection holes 128 have a circular
geometry. However, the air injection holes 128 may be
square-shaped, diamond-shaped, elliptical-shaped, slot-
shaped, rectangular-shaped, or may be configured in
other suitable type of geometric configuration.

[0041] A diameter 158 (or other dimension) of the air
injection holes 128 along the air injection conduit 120
may be variable. For example, in one embodiment, the
diameter 158 may decrease with respect to a corre-
sponding diameter 158 (or other corresponding dimen-
sion) of an adjacent air injection hole 128. That is, a first
of the air injection holes 128 adjacent to the inner annular
wall 98 (e.g., the center body 96) may have a larger di-
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ameter 158 compared to the corresponding diameter 158
of a second of the air injection holes 128 adjacent to the
outer annular wall 100. By way of non-limiting example,
the diameter 158 of the air injection hole 128 adjacent to
the inner annular wall 98 may be 1 to 5 times greater
than the diameter 158 of the air injection hole 128 adja-
cent to the outer annular wall 100. In another embodi-
ment, the diameter 158 of the air injection holes 128 may
increase in the radial direction 84 away from the inner
annular wall 98. In other embodiments, the diameter 158
may alternate from large to small in the radial direction
84 along the length 156 of the air injection conduit 120.
The air injection holes 138 of the additional air injection
assembly 134 may have a similar configuration. The di-
ameter 158 of the air injection holes 128 may be associ-
ated with a velocity of the cooling air 70 injected into the
exhaust diffuser 54. By varying the diameter 158 of the
air injection holes 128, the cooling fluid 70 may be inject-
ed into the first mixing region 115 at various velocities.
The variable velocity of the cooling air 70 and the exhaust
gas stream 46 (e.g., the exhaust gas stream 46 may have
a variable velocity due, in part, to diffusion in the exhaust
diffuser 54) may facilitate turbulent flow, which may im-
prove mixing and flow distribution of the exhaust gas
stream 46 and the cooling air 70. Therefore, the cooled
exhaust gas stream 74 may have a more uniform tem-
perature distribution (e.g., based on a cross-section of
the mixture taken at an axial position). By way of example,
the diameter 158 of the air injection holes 128 may be
between approximately 2 inches and approximately 7
inches.

[0042] In certain embodiments, the air injection holes
128 may also have a variable diameter in the axial direc-
tion 82. For example, FIG. 5 is a cross-sectional view of
a portion of the air injection conduit 120 having one or
more of the air injection holes 128 with a variable diam-
eter 158 in the axial direction 82. In the illustrated em-
bodiment, the diameter 158 of the air injection holes 128
increases in the axial direction 82 toward the down-
stream-facing surface 126. In other embodiments, the
diameter 158 may increase in the axial direction 82 away
from the downstream-facing surface 126. Varying the di-
ameter 158 in the axial direction 82 allow the cooling air
70 to enter the exhaust diffuser 54 at a velocity and flow
distribution suitable to achieve uniform mixing of the ex-
haust gas stream 46 and cooling air 70. Additionally, the
improved flow distribution of the cooling air 70 may re-
duce backpressure in the gas turbine system 10 and im-
prove performance of the exhaust diffuser 54.

[0043] In certain embodiments, the air injection holes
128 may be oriented at an angle relative to the axial di-
rection 82. FIG. 6 illustrates a cross-sectional view of a
portion of an embodiment of the air injection conduit 120.
As discussed above, the air injection holes 128 direct the
cooling air 70 into the first mixing region 115. For exam-
ple, the cooling air 70 may flow through the air injection
conduits 120 in the radial direction 84 toward the inner
annular wall 98 of the exhaust diffuser 54. The air injec-
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tion holes 128 of FIG. 6 change a flow direction of the
cooling air 70 from the radial direction 84 to the axial
direction 82 toward the first mixing region 115 down-
stream of the air injection assembly 68. In such an em-
bodiment, the additional air injection assembly 134 may
also direct the cooling air 70 into the second mixing region
140 in a similar manner.

[0044] As shown in FIG. 6, the air injection holes 128
are angled (e.g., perpendicularly or acutely angled at 10,
20, 30, 40, 50, 60, 70, or 80 degrees) relative to the axial
axis 82 of the exhaust diffuser 54. The angle of the air
injection holes 128 may vary a direction of the cooling air
70 relative to the axial direction 82 within the first mixing
region 115. While in the illustrated embodiment, each air
injection holes 128 has a different angle relative to the
an adjacent air injection opening 128, the angle of the air
injection openings 128 may vary depending on the par-
ticular characteristics of the exhaust gas stream 46 in a
given application. For instance, the angle of the air injec-
tion holes 128, in conjunction with the size and shape of
the air injection holes 128, may be selected to provide
for generally uniform mixing, uniform temperature, and/or
velocity distributions of the cooled exhaust gas stream
74, as well as improved flow distribution, prior to SCR
processing by the SCR system 60.

[0045] In addition to improving cooling of the exhaust
gas stream 46, positioning the air injection assembly 68
within the exhaust diffuser 54 may also improve perform-
ance of the exhaust diffuser 54 compared to exhaust dif-
fusers that do not include the air injection assembly 68.
For example, it is presently recognized that the central
body 96 and the hollow struts 112 of exhaust diffusers
generally form large wake regions in the flow of the ex-
haust gas stream 46 through the exhaust diffuser due,
in part, tothe bluntend (e.g., the center body downstream
end 114) of the center body 96 and the cylindrical shape
of the hollow struts 112. As such, the center body down-
stream end 114 and the hollow struts 112 may create a
reverse flow region downstream of the center body 96,
which may decrease exhaust diffuser performance by
allowing flow of the exhaust gas stream 46 in a direction
substantially opposite the downstream direction 50. This
results in an unintended pressure loss within the exhaust
diffuser 54. Consequently, the pressure of the exhaust
gas stream 46 is decreased such that a flow energy of
the exhaust gas stream is decreased at least until the
exhaust gas stream exits the exhaust diffuser. The de-
crease in pressure and flow energy of the exhaust gas
stream may decrease the effectiveness of the diffusion
of the exhaust gases in the exhaust diffuser. The inef-
fective diffusion of the exhaust gases within the exhaust
diffuser may result in a decrease in pressure recovery of
the system 10 and non-uniform mixing of the cooling air
and the exhaust gas stream downstream of the exhaust
diffuser. However, by positioning the air injection assem-
bly 68 on the center body downstream end 114, the large
wake regions and reverse flow regions resulting from the
blunt center body downstream end 114 may be de-
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creased.

[0046] Forexample,asshowninFIG.7,ahubdiameter
164 of the hub 116 gradually decreases along the cen-
terline axis 90 in the downstream direction 50. The de-
creasing hub diameter 164 creates a curvature 168 on a
hub surface 170 (e.g., concave surface). The curvature
168 of the hub surface 170 may improve the flow dynam-
ics of the exhaust gas stream 46 within the exhaust dif-
fuser 54. For example, the curvature 168 may minimize
flow separation of the exhaust gas stream 54 that results
in large wake and reverse flow regions. Accordingly, the
exhaust diffuser 54 may use the pressure of the exhaust
gas stream 46 to more efficiently flow the exhaust gas
stream 46 through the exhaust treatment processing sys-
tem 14. Indeed, a high pressure recovery and a more
desirable pressure drop across the system 10 may be
achieved compared to systems that do not include the
air injection assembly 68 within the exhaust diffuser 54.
This may result in a more desirable flow distribution of
the mixture. Consequently, the cooled exhaust gas 74
may have the desirable temperature distribution for effi-
cientremoval or reduction of NO, by the SCR system 60.
[0047] The central air injection hole 130 positioned at
a tip 174 of the hub 116 may also facilitate cooling by
injecting additional cooling air 70 to the mixture of the
exhaust gas stream 46 and the cooling air 70. While in
the illustrated embodiment, the tip 174 includes a single
air injection hole 130, the tip 174 may include multiple air
injection holes 130 circumferentially 86 spaced apart at
any circumferential and axial position along the hub 116.
The air injection hole(s) 130 may further facilitate uniform
mixing and cooling of the exhaust gas stream 46 due, in
part, to the turbulent flow that may be created when the
cooling air 70 is injected into the exhaust diffuser 54.
[0048] In accordance with various embodiments de-
scribed above, the gas turbine system 10 may operate
more efficiently , and may generate lower emissions than
othersystems. FIG. 8 illustrates a flow diagram of a meth-
od 200 by which a gas turbine system (e.g., the gas tur-
bine system 10 described above) may cool an exhaust
gas stream (e.g. the exhaust gas stream 46) in an ex-
haust diffuser (e.g., the exhaust diffuser 54) in accord-
ance with such embodiments. The method 200 includes
supplying the combustor 20 of the gas turbine engine 12
with fuel 36 and the compressed air 34 (block 204), and
combusting the fuel 36 and the compressed air 34 to
produce the exhaust gas stream 46 (block 206), as de-
scribed above with reference to FIG. 1.

[0049] The exhaust gas stream 46 may include com-
bustion byproducts, such as nitrogen oxides (NO,), sulfur
oxides (SO,), carbon oxides (CO,), and unburned hydro-
carbons that may need to be reduced or removed (e.g.,
to achieve certain emission levels). Therefore, the ex-
haust gas stream 46 may undergo treatment in the ex-
haust treatment system 14 to remove these byproducts.
The exhaust gas treatment process may include reacting
the exhaust gas stream 46 with the reductant 62 in the
presence of a catalyst in the SCR system 60. The effi-
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ciency of the catalyst may be affected by the elevated
temperatures of the exhaust gas stream 46 exiting the
turbine 22. Therefore, the exhaust gas stream 46 may
be cooled before undergoing treatment in the SCR sys-
tem 60. Accordingly, the method 200 also includes di-
recting the exhaust gas stream 46 from the turbine 22 to
the exhaust diffuser (block 210), and cooling the exhaust
gas stream 46 in the exhaust diffuser 54 to generate the
cooled exhaust gas 74 (block 212). For example, the air
injection assemblies 68, 134 may inject the cooling air
70 into mixing regions 115, 140 of the exhaust gas dif-
fuser 54. The cooling fluid 70 mixes with the exhaust gas
stream 46, thereby cooling the exhaust gas stream 46
as the exhaust gas stream 46 flows through the mixing
regions 115, 140 of the exhaust diffuser 54 and subse-
quently the transition section 56. By initiating the cooling
process of the exhaust gas stream 46 in the exhaust dif-
fuser 54, the residence time of the exhaust gas and cool-
ing fluid mixture within the exhaust processing system
14 may be increased. As such, the cooled exhaust gas
74 may have a uniform temperature distribution. Addi-
tionally, positioning the air injection assemblies 68, 134
within the exhaust diffuser 54 may increase diffuser per-
formance due, in part, to a higher pressure recovery and
a lower total pressure drop across the system 10 com-
pared to system that do not include an air injection as-
sembly in the exhaust diffuser, as discussed above.
[0050] The method 200 further includes directing the
cooled exhaust gas stream 74 to the SCR system 62 to
remove the nitrogenous byproducts generated during
combustion of the fuel 36 (block 216), and removing the
combustion byproducts from the cooled exhaust gas 74
(block 218). As discussed above, the efficiency of the
catalyst used to reduce NO, in the exhaust gas stream
46 to nitrogen (N,) and water (H,0) may be affected by
the temperature of the exhaust gas stream 46 at the time
of the SCR process. Exhaust gas streams cooled down-
stream of the exhaust diffuser (e.g., the exhaust diffuser
54) may not properly mix with the cooled air, resulting in
inefficient cooling of the exhaust gas stream. Again, the
uniform temperature distribution of the cooled exhaust
gas stream 74 may improve the efficiency of the SCR
process, and decrease an amount of NO, emissions to
levels at or below approximately 3 ppm.

[0051] Asdiscussed above, the various techniques set
forth herein may provide for the injection of cooling air
into an exhaust gas stream in order to enhance the uni-
formity of the temperature and/or velocity distributions of
the exhaust gas stream, while also cooling the exhaust
gas stream to enhance the effectiveness of a selective
catalyst reduction process. For instance, the techniques
disclosed include placing one or more air injection as-
semblies within an exhaust gas diffuser. At least one air
injection assembly may be positioned adjacent to a cent-
er body of the exhaust gas diffuser. Positioning at least
one air injection assembly adjacent to the center body of
the exhaust diffuser may improve pressure recovery and
decrease total pressure loss of the system that may result
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from reverse flow regions created by the blunt down-
stream end of the center body and hollow struts associ-
ated with the exhaust diffuser. Additionally, the tech-
niques disclosed herein could cover any combination of
constant or varying air injection hole diameters, hole
spacings, hole geometries, or any combination thereof
that improve the flow distribution and/or velocity of the
exhaust gas stream to allow uniform mixing of the ex-
haust gas stream and the cooling air. Moreover, adding
the cooling air to the exhaust gas stream while in the
exhaust diffuser may increase a residence time of the
exhaust gas stream and cooling air mixture. Therefore,
the exhaust gas stream and the cooling air may more
time to mix, thereby increasing temperature uniformity
compared to systems that add the cooling air down-
stream of the exhaust diffuser. Again, it should be under-
stood that the disclosed techniques and configurations
of the air injection assembly 68, 134 are intended to be
only examples of certain embodiments, and should be
construed as being limiting in any way.

[0052] This written description uses examples to dis-
close embodiments of the invention, including the best
mode, and also to enable any person skilled in the art to
practice the invention, including making and using any
devices or systems and performing any incorporated
methods. The patentable scope of the invention is de-
fined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal lan-
guage of the claims, or if they include equivalent struc-
tural elements with insubstantial differences from the lit-
eral language of the claims.

[0053] Various aspects and embodiments of the
present invention are defined by the following amended
clauses. Any of the features of any of the aspects and
embodiments may be readily combined.

1. A gas turbine system, comprising:

an exhaust processing system configured to
process exhaust gas generated by a gas turbine
engine, the exhaust processing system com-
prising an exhaust diffuser configured to receive
the exhaust gas from a turbine of the gas turbine
engine and having an annular passage dis-
posed between an inner annular wall and an out-
er annular wall;

an air injection assembly disposed within the ex-
haust diffuser, wherein the air injection assem-
bly comprises one or more air injection conduits
disposed within the annular passage of the ex-
haust diffuser and comprising fluid injection
holes configured to direct a cooling fluid into a
first mixing region of the exhaust diffuser.

2. The system of clause 1, wherein the exhaust dif-
fuser comprises a hollow strut, and at least one of
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the one or more air injection conduits is coupled to
the hollow strut.

3. The system of clause 1 or 2, wherein the air injec-
tion assembly comprises a central hub disposed on
a downstream end of a center body of the exhaust
diffuser, wherein the center body defines the inner
annular wall.

4. The system of any preceding clause, wherein the
one or more air injection conduits include a plurality
of air injection conduits radially extend away from
the central hub toward the outer annular wall, and
the air injection conduits of the plurality of air injection
conduits are circumferentially spaced apart about a
centerline axis of the exhaust diffuser.

5. The system of any preceding clause, wherein the
central hub comprises at least one air injection hole
disposed on a downstream tip of the central hub,
wherein the at least one air injection hole is fluidly
coupled to atleast one of the one or more air injection
conduits.

6. The system of any preceding clause, wherein a
diameter of the central hub decreases in a down-
stream direction of the exhaust diffuser.

7. The system of any preceding clause, wherein a
dimension of the fluid injection holes varies along a
radial length of the respective air injection conduit.

8. The system of any preceding clause, wherein a
central axis of each of the fluid injection holes is ori-
ented crosswise relative to a centerline axis of the
exhaust gas diffuser.

9. The system of any preceding clause, comprising
an additional air injection assembly coupled to the
outer annular wall of the exhaust diffuser, wherein
the additional air injection assembly comprises an
air passage disposed circumferentially about a cen-
terline axis of the exhaust diffuser, wherein the ad-
ditional air injection assembly is configured to direct
additional cooling fluid into a second mixing region
of the exhaust diffuser that is downstream from the
first mixing region.

10. An exhaust diffuser, comprising:

a center body extending at least a portion of a
length of the exhaust diffuser;

an outer annular wall circumferentially surround-
ing the center body, wherein the outer annular
wall defines an annular passage configured to
receive exhaust gas from a turbine of a gas tur-
bine engine; and

an air injection assembly configured to supply a
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cooling fluid into a region of the exhaust diffuser
downstream from the center body.

11. The exhaust diffuser of clause 10, wherein the
air injection assembly comprises a central hub cou-
pled to a downstream-facing surface of the center
body, and wherein a diameter of the central hub de-
creases in a downstream direction away from the
outer annular wall of the exhaust diffuser such that
the central hub has a concave surface.

12. The exhaust diffuser of clause 10 or 11, compris-
ing air injection conduits radially extending away
from the central hub toward the outer annular wall
of the exhaust diffuser and circumferentially spaced
apart about the central hub.

13. The exhaust diffuser of any of clauses 10 to 12,
wherein the air injection conduits are coupled to hol-
low struts disposed between the central body and
the outer annular wall of the exhaust diffuser.

14. The exhaust diffuser of any of clauses 10 to 13,
wherein the air injection assembly comprises air in-
jection conduits aligned with hollow struts of the ex-
haust diffuser.

15. The exhaust diffuser of any of clauses 10 to 14,
wherein the air injection assembly comprises a plu-
rality of air injection holes disposed along one or
more air injection conduits, wherein the plurality of
airinjection holes are configured to direct the cooling
fluid into the region of the exhaust diffuser.

16. The diffuser of any of clauses 10 to 15, wherein
a diameter of one air injection hole of the plurality of
air injection holes is different from a diameter of an
adjacent air injection hole of the plurality of air injec-
tion holes.

17. The diffuser of any of clauses 10 to 16, compris-
ing a hollow strut disposed upstream of the air injec-
tion assembly, wherein the hollow strut is configured
to inject at least a portion of the cooling fluid into the
annular passage between the outer annular wall and
the center body of the exhaust diffuser.

18. A gas turbine system, comprising:

an air injection assembly disposed within an ex-
haust diffuser, wherein the air injection assem-
bly comprises a plurality of air injection conduits
disposed between an inner annular wall and an
outer annular wall of the exhaust diffuser, and
wherein the air injection assembly is configured
to supply a cooling fluid to the exhaust diffuser
to cool an exhaust gas stream generated in a
gas turbine engine.
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19. The system of clause 1 or 18, wherein the plu-
rality of air injection conduits radially extend away
from a central hub of the air injection assembly to-
ward the outer annular wall, and wherein the plurality
of air injection conduits comprise air injection holes
disposed on a downstream-facing surface.

20. The system of clause 18 or 19, wherein the cen-
tral hub is coupled to a downstream end of a center
body of the exhaust gas diffuser, and wherein a di-
ameter of the central hub decreases in a direction
away from the downstream end such that the central
hub has a concave outer surface.

Claims

A gas turbine system (10), comprising:

an exhaust processing system (14) configured
to process exhaust gas (46) generated by a gas
turbine engine (12), the exhaust processing sys-
tem (14) comprising an exhaust diffuser (54)
configured to receive the exhaust gas (46) from
a turbine (22) of the gas turbine engine (12) and
having an annular passage (104) disposed be-
tween an inner annular wall (98) and an outer
annular wall (100);

an air injection assembly (68) disposed within
the exhaust diffuser (54), wherein the air injec-
tion assembly (68) comprises one or more air
injection conduits (120) disposed within the an-
nular passage (104) of the exhaust diffuser (54)
and comprising fluid injection holes (128) con-
figured to direct a cooling fluid (70) into a first
mixing region (115) of the exhaust diffuser (54).

The system of claim 1, wherein the exhaust diffuser
(54) comprises a hollow strut (112), and at least one
of the one or more air injection conduits (120) is cou-
pled to the hollow strut (112).

The system of claim 1 or claim 2, wherein the air
injection assembly (68) comprises a central hub
(116) disposed on a downstream end (114) of a cent-
er body (96) of the exhaust diffuser (54), wherein the
center body (96) defines the inner annular wall (98).

The system of claim 3, wherein the one or more air
injection conduits (120) include a plurality of air in-
jection conduits (120) radially extend away from the
central hub (116) toward the outer annularwall (100),
and the air injection conduits (120) of the plurality of
air injection conduits (120) are circumferentially
spaced apart about a centerline axis (90) of the ex-
haust diffuser (54).

The system of claim 3 or claim 4, wherein the central
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hub (116) comprises at least one air injection hole
(130) disposed on a downstream tip (174) of the cen-
tral hub (116), wherein the at least one air injection
hole (130) is fluidly coupled to at least one of the one
or more air injection conduits (120).

The system of any of claims 3 to 5, wherein a diam-
eter (164) of the central hub (116) decreases in a
downstream direction (50) of the exhaust diffuser
(54).

The system of any preceding claim, wherein a di-
mension (158) of the fluid injection holes (128) varies
along a radial length of the respective air injection
conduit (120).

The system of any preceding claim, wherein a central
axis of each of the fluid injection holes (128) is ori-
ented crosswise relative to a centerline axis (90) of
the exhaust gas diffuser (54).

The system of any preceding claim, comprising an
additional air injection assembly (134) coupled to the
outer annular wall (100) of the exhaust diffuser (54),
wherein the additional air injection assembly (134)
comprises an air passage (136) disposed circumfer-
entially about a centerline axis (90) of the exhaust
diffuser (54), wherein the additional air injection as-
sembly (134) is configured to direct additional cool-
ing fluid (70) into a second mixing region (140) of the
exhaust diffuser (54) that is downstream from the
first mixing region (115).

An exhaust diffuser (54), comprising:

a center body extending at least a portion of a
length of the exhaust diffuser;

an outerannular wall circumferentially surround-
ing the center body (96) wherein the outer an-
nular wall defines an annular passage config-
ured to receive exhaust gas from a turbine of a
gas turbine engine (12); and

an air injection assembly configured to supply a
cooling fluid into a region of the exhaust diffuser
downstream from the center body (96).

The exhaust diffuser (54) of claim 10, wherein the
air injection assembly comprises a central hub (116)
coupled to a downstream-facing surface of the cent-
er body (96), and wherein a diameter of the central
hub (116) decreasesin adownstream direction away
from the outer annular wall of the exhaust diffuser
(54) such that the central hub has a concave surface.

The exhaust diffuser (54) of claim 11, comprising air
injection conduits (120) radially extending away from
the central hub (116) toward the outer annular wall
of the exhaust diffuser and circumferentially spaced
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apart about the central hub (116).

The exhaust diffuser (54) of claim 12, wherein the
air injection conduits (120) are coupled to hollow
struts (112) disposed between the central body (96)
and the outer annular wall (98) of the exhaust diffuser
(54).

The exhaust diffuser (54) of any of claims 10 to 13,
wherein the air injection assembly comprises air in-
jection conduits (68) aligned with hollow struts (112)
of the exhaust diffuser (54).

The exhaust diffuser (54) of any of claims 10 to 14,
wherein the air injection assembly comprises a plu-
rality of air injection holes (130) disposed along one
or more air injection conduits (120), wherein the plu-
rality of air injection holes (130) are configured to
direct the cooling fluid into the region of the exhaust
diffuser (54).
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SUPPLYING FUEL AND AIR TO COMBUSTOR
OF GAS TURBINE ENGINE

COMBUSTING FUEL AND AIR TO PRODUCE
HOT EXHAUST GAS

DIRECTING HOT EXHAUST GAS TO EXHAUST
DIFFUSER

COOLING HOT EXHAUST GAS IN EXHAUST
DIFFUSER TO PRODUCE A COOLED EXHAUST
GAS

f

DIRECTING COOLED EXHAUST GAS TO
SELECTIVE CATALYTIC REDUCTION SYSTEM

Y

REMOVING COMBUSTION BYPRODUCTS
FROM THE COOLED EXHAUST GAS

FIG. 8
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